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(54) Three-line linear sensor 

(57) In a three-line linear sensor, a first linear sensor 
(10) without electronic shutter structure and second arxi 
third linear sensors (20). (30) with electronic shutter 
structures (28). (38) being disposed in an axial symme- 
try fashion are combined and a line spacing (D1) 
between the first and second linear sensors (10), (20) 
can be reduced by an amount corresponding to the 



omitted electronic shutter structure. 
Also, since the second and third linear sensors (20), 
(30) are disposed in an axial symmetry fashion, a line 
spacing (D2) between the second and third linear sen- 
sors (20). (30) can be reduced and set to be substan- 
tially equal to the at»ove-mentioned line spacing (D1). 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a three-fine linear s 
sensor, and particularly to a three-line linear sensor with 
an electronic shutt^. 

Inasmuch as R. G. B three-line color linear sensors 
are able to produce color information of high resolution 
as compared with a two-4ine color linear sensor com- 
prising tine with pixels of R, B dot-sequentially an^ayed 
thereon or line of only G. they are frequently used in dig- 
ital copiers and scanners. However, in the three-line 
color linear sensor, R, G, B sensor anBys (pixel arrays) 
are spaced apart spatially so that signal simultane- 
ously outputted from the respectrve sensor arrays 
become information spaced apart spatially. Therefore, a 
position correction menrK3ry is provided in the outside of 
the three-line color linear sensor to correct positions of 
information spatially spaced apart. This position correc- 
tion memory needs a large memory capacity because 
an amount of positions to be corrected increases as a 
distarK;e between sensor centers of sensor arrays 
(hereinafter refened to as "line spacing") increases. 
Accordingly, in order to reduce a memory capacity and 
to make the system inexpensive, it is necessary to set a 
narrow line spacing. 

There is known a three-line color linear sensor hav- 
ing an electronic shutter provided at every line for con- 
trollirrg a storage time during which signal charges are 
accumulated in each photoelectric-conv^sion portion 
of sensor anray. 

FIG. 1 of the accompanying drawings shows such 
tfvee-line color linear sensor with electronic shutters. 

As shown in FIG. 1 , the three-line color linear sen- 
sor with electronic shutters includes lines having read- 
out gates 113, 123. 133 for reading out signal charges 
from photoelectric-converting sections 111, 121, 131 of 
sensor anays 1 12, 122. 132 and CCD (charge-coupled 
device) analog shift registers 1 14, 124, 134 for transfer- 
ring signal charges thus read out. In addition, electronic 
shutter structures 117, 127, 137 composing shutter 
gates 115. 125, 135 and shutter drains 116. 126, 136 
are added to all lines. 

Because the line spadngs d are increased by the 
electronic shutter structures 117, 127. 137. the three- 
line color linear sensor with electronic shutter structures 
unavoidably requires a memory of targe storage capac- 
ity as an external position correction memory, which 
makes the system very expensive. Accordingly, particu- 
larly in the three-line color linear sensor with electronic 
shutter structure, in order to reduce the memory capac- 
ity and to make the system inexpensive, it is very impor- 
tant to reduce the line spadngs d. 

SUMMARY OF THE INVENTION 

In view of the aforesaid aspect, it is an object of the 
present invention to provide a three-line linear sensor 



with an electronic shutter structure in which a line spac^ 
ing can be reduced. 

According to the present invention, there is pro- 
vided a three-line linear sensor which is comprised of a 
first linear sensor including a pixel array, a read-out gate 
and a charge transfer register each of which is disposed 
on one side of the pixel array, a second linear sensor 
induding a pixel anray, a read-out gate and a charge 
transfer register each of which is disposed on one side 
of the pixel array and an electronk: shutter structure dis- 
posed on the other side of the pixel array, the secorrd lin- 
ear sensor being disposed with a predetermined line 
spadng between it and the first linear sensor while the 
charge trarrsfer register opposed to the first linear 
sensor, arvi a third linear sensor induding a pixel array, 
a read-out gate and a charge transfer register each of 
which is disposed on one side of the pixel array and an 
electronic shutter structure disposed on the otiier side 
of the pixel array, the third linear sensor being disposed 
on the opposite side of the color linear sensor with a line 
spadng substantially equal to the predetermined line 
spadng between it and the second linear sensor in an 
axial symmetry fashion. 

In accordance with other aspect of the present 
invention, there is provided a three-line linear sensor 
which is comprised of a first linear sensor including a 
pixel array, a read-out gate and a charge transfer regis- 
ter each of which is disposed on one side of the pixel 
array, a secorxi linear sensor including a pixel an^ay. a 
read-out gate and a charge transfer register each of 
which is disposed on one side of the pixel array, the 
charge transfer register being opposed to the first linear 
sensor, and a third linear sensor irrduding a pixel array, 
a read-out gate and a change trartsfer register each of 
which is disposed on one side of the pixd array, the third 
linear sensor being disposed on the opposite side of the 
first linear sensor in an axiaj symmetry fashion with 
respect to the second linear sensor. 

In accordance with a further aspect of the present 
invention, there is provkfed a three-line linear sensor 
which is comprised of a first linear sensor irrcluding a 
pixel array, a read-out gate and a charge transfer regis- 
ter each of which is disposed on one side of the pixel 
array, a second linear sensor including a pixel array, a 
read-out gate and a charge transfer register each of 
which is disposed on one side of the pixel array and an 
electronic shutter structure disposed on the other side 
of the pixel array, the second linear sensor being dis- 
posed such that the charge tran^ register is opposed 
to the f irst linear sensor, and a third linear sensor indud- 
ing a pixel anay. a read-out gate and a charge transfer 
register each of whkti is disposed on one side of tiie 
pixel anray and an electronic shutter structure fc>eing dis- 
posed on the other side of the pixel anray. the third linear 
sensor being disposed on the opposite skle of tiie first 
linear sensor with respect to the second linear sensor, in 
which the first linear sensor has the towest sensitivity as 
compared with those of the second and third linear s&rt- 
sors arxl outputs of the first, second and third linear sen- 
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SOTS are made substantially constant by adjusting 
storage times of the second and third linear sensors 
vynth the electronic shutter structure. 

In the thus arranged three-line linear sensor, sirrce 
the first linear sensor does not have an electronic shut- 5 
ter structure, the first linear ser^r can be disposed vkrith 
a reduced line spacing between it and the second linear 
sensor. On the other hand, since the third linear sensor 
Is disposed in an axial symmetry fashion with respect to 
the second linear sensor, the read-out gate and the 
charge transfer register are not interposed between it 
and the second linear sensor so that the respective 
electronic shutter structures of the second and third lin- 
ear sensors can be arranged In this resultant space sat- 
isfactorily and that the line spacing between it and the 
second linear sensor can be set freely. The line spacing 
between the second and third linear sensors can be set 
to be substantially equal to the line spacing between the 
first and second linear sensors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram shewing an example of a three- 
line color linear sensor with electronic shutter struc- 
ture; 

FIG. 2 is a diagram showing a three-tine color linear 
sensor according to the present invention; and 
FIG. 3 is a timing chart used to explain operation of 
the three-line color linear sensor shown in FIG. 2. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A three-line color linear sensor accorcfing to the 
present invention will hereinafter be described in detail 
with reference to the drawing^. 

FIG. 2 is a diagram showing a three-line color linear 
sensor according to the present invention. 

As shown in FIG. 2, the three-line color linear sen- 
sor according to the present inverrticn includes first, 
second and third color linear sensors 10, 20, 30 corre- 
sporxiing to R (red), G (green). B (t>lue). The first color 
linear sensor 10 corresponding to R includes a pixel 
array (hereinafter referred to as "sensor array") 12 com- 
pr^ng a number of photoelectric-convertng sections 
(pixels) 1 1 arranged in straight line, a read-out gate 13 
for reading out signal charges photoelectrtcally-con- 
verted by each photoelectric-converting section 1 1 and 
a charge transfer register (hereinafter referred to as 
"CCD analog shift regteter") 14 for transferring signal 
charges thus read out. 

The sensor array 12 comprises an effective pixel 
section 12a of 2048 pixels (SI through S2048), for 
example, arxj ineffective pixel sections 1 2b, 1 2c of a plu- 
rality of pixels provided ahead of or behind the effective 
pixel section 12a. A color fater (not shown) correspond- 
ing to R is disposed on a light-receiving screen. The 
ineffective pixel sections 12b. 12c are so-called optical 
Wack (OPB) sections shielded at the light-receiving 



screen side of each photoelectric-converting section 1 1 . 
The CCD analog shift register 14 has at its end portion 
of transfer side disposed a charge-to-voltage converting 
unit 15 of a floating diffusion amplifier configuration, for 
example. 

In the first color linear sensor 10, signal charges at 
the respective photoelectric-converting sections 11 of 
the sensor anray 12 are read out through the read-out 
gate 13 through the CCD analog shift register 14 in 
response to a read-out gate pulse t^ROG applied to the 
read-out gate 13. Then, the read-out signal charges are 
sequentially transferred by tiie CCD analog shift register 
14, further converted by the charge-to-voltage convert- 
ing unit 1 8 into a signal charge and thereby developed 
as an R signal output OUT-R. 

A second color linear sensor 20 corresponding to G 
will be described. Similarly to the first color linear sensor 
10, the second color linear sensor 20 comprises a sen- 
sor array 22 in which phtotoelectric-converting sections 
21 are disposed linearly, a read-out gate 23 and a CCD 
analog sNft register 24 each of which is di^sed on 
one side of the sensor array 22. A color filter (rust 
shown) corresponding to G is cfisposed on tiie light- 
receiving screen. In addition, the secorxJ color linear 
sensor 20 includes a horizontal electronic structure 28 
conrprising a shutter gate 26 and a shutter drain 27 dis- 
posed on the oUier side of the sensor array 22. 

The second color linear sensor 20 is disposed in 
parallel to the first color linear sensor 10 with a predeter- 
mined line spacing D1 between it and the first color lin- 
ear sensor 10 while the CCD analog shift register 24 is 
opposed to the first color linear sensor 1 0 side. The line 
spacing will be referred to hereinafter as "distance 
between the sensor centers of the sensor arrays 1 2, 22 
of the two color linear sensors 10, 20". 

In the thus arranged second color linear sensor 20, 
when the read-out gate pulse 41ROG is applied to the 
read-out gate 23. signal charges at the respective pho- 
toelectric-converting sections 21 of tiie sensor array 22 
are read out through the read-out gate 23 to the CCD 
analog shift register 24, further sequentially transferred 
by the CCD analog shift register 24. converted into a 
signal voltage by the charge-to-voltage converting sec- 
tion 25 and then developed as a C signal output OUT-G. 
Moreover, when a G shutter pulse t^SHUT-Q is applied 
to the shutter gate 26, signal charges accumulated in 
the respective photoelectric-converting sections 21 of 
the sensor array are discharged through the shutter 
gate 26 to the shutter drain 27, whereby the dedronic 
shutter stiucture 28 carries out ttie shutter operation to 
control the storage time of signal charges. 

A third color linear sensor 30 corresponding to B 
will be de&crit>6d. Similarly to the second color linear 
sensor 20. the thirrl color linear sensor 30 comprises a 
sensor array 32 in which photoelectric-converting sec- 
tions 31 are disposed lin^ly, a read-out gate 33 and a 
CCD analog shift register 34, each of which is disposed 
on one side of the sensor anray 32 and an electronic 
shutter structure 38 composing a shutter gate 36 arvl a 
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shutter drain 37, each of which ts disposed on the other 
side of the sensor array 32. A color fitter (not shown) 
corresponding to B is disposed on the light-receiving 
screen. The third color linear sensor 30 is disposed 
synvnetrical with the second color linear sensor 20 with 
a line spadng 02 sut)st£mtially equal to the atX3fve-men- 
tioned line spacing D1 on the opposite side of the first 
color linear sensor 10. 

In the thus arranged third color linear sensor 30, 
when the read-out gate pulse 4>ROG is applied to the 
read-out gate 33, signal charges at the respective pho- 
toelectric-converting sections 31 of the sensor array 32 
are read out through the read-out gate 33 to the CCD 
analog shift register 34, further sequentially transferred 
t>y the CCD analog shift register 34, converted into a 
signal voltage by the charge-to-voltage converting sec- 
tion 35 and thereby developed as a B signal output 
OUT-B. When a B shutter pulse <t>SHUT-G is applied to 
the shutter gate 36, the electronic shutter structure 38 
carries out the shutter operation to control tfie time dur- 
ing which signal charges are stored in the respective 
photoelectric-converting sections 31 of the sensor array 
32. 

In the three-line color linear sensor of R, Q, B, if 
sensitivities of R, Q, B, for example, are 5V/(1x-s), 
lOV/(1x • s) and 15V/(1x • s) . then when storage times 
of R. Q. B are the same, a ratio of output voltages of R. 
G, B is given as 1 : 2 : 3. However, if the respective stor- 
age times of R. G, B are changed at every color, then 
output voltages can be set to substantially constant. In 
this case, the output voltages of respective colors can 
be set to be suk^stantially constant by adjusting storage 
times of two colors with higher sensitivities based on the 
storage time of color with the lowest sensitivity. 

In the three-line color linear sensor according to the 
present invention, of R. G and B. an electronic shutter 
sti-ucture is removed from the color linear sensor 10 cor- 
responding to R with the lowest sensitivity but the elec- 
tronic shutter structures 28, 38 are added to the color 
linear sensors 20, 30 corresponding to G. B with sensi- 
tivities higher than that of the color linear sensor corre- 
sponding to R. 

According to the above-mentioned arrangement, as 
compared with the structure (see FIG. 1) in which the 
electronic shutter structures are added to all lines, the 
line spacing D1 between the color linear sensor 10 cor- 
responding to R and the color linear sensor 20 corre- 
sponding to Q can be reduced by the amourrt 
corresponding to the omitted electronic shutter sti-uc- 
ture. As a consequence, it is possible to reduce the 
memory capacity of the position connection memory 
which is provided in the outside for connecting positions 
of each infornmtion of the three lines spaced apart spa- 
tially. Study of tiie experimental results done by the 
same assignee of the present application shows that 
the line spacing D1 could be reduced by half. Thus, the 
nfvemory capacity can be reduced by half. 

The shutter pulses <>SHUT-G and <t>SHUT-B are 
applied to the ^ectronic shutter structures 28. 38 of the 



color linear sensors 20, 30 conre^nding to G. B at tim- 
ings shown by a timing ctiart of FIG. 3, whereby the 
storage time of the color linear sensor 10 oorresporxiing 
to R with the lowest sensitivity is made longest, tiie stor- 

5 age time of the color linear sensor 20 corresponding to 
G with the sensitivity higher than tiiat of the color linear 
sensor 10 corresponding to Q is made shorter tiian that 
of the color linear sensor 10 corresponcfing to R and tiie 
storage time of the color linear sensor 30 corresponding 

10 to B with the highest sensitivity is made shortest. 

As described at)ove, the output voltages of respec- 
tive colors can be m^e sut)stantially constant by 
adjusting the storage times of the respective color linear 
sensors 20, 30 corresponding to G. B with the sensitivi- 

15 ties higher than that of the color linear sensor 10 corre- 
sponding to R. Therefore, the respective output 
voltages of three lines obtained when the three-line 
color linear sensor takes a picture of white become sub- 
starrtially the same level, and hence a so-called white 

20 balance is established. Specifically, the respective stor- 
age times of the color linear sensors 20. 30 correspond- 
ing to G. B are adjusted by the electronic shutter 
structures 28, 38 such tiiat the output voltages of 
respective colors become substantially constant. 

25 tiiereby establishing a white k)alanc6. Thus, a picture 
quality can be improved. 

On the otiier hand, when the third color linear sen- 
sor 30 corresponding to B is disposed, if the third color 
linecir sensor 30 is disposed in parallel to the second 

30 color linear sensor 20. then the shutter structure is inter- 
posed between the second and third color linear sen- 
sors 20 and 30 as will be clear from the structure shown 
in FIG. 1. As a result, tiie line spacing D2 between the 
secoTKl and third color linear sensors 20 and 30 cannot 

35 be reduced to the line spacing D1 between the first and 
secorxi color linear sensors 10 and 20. Therefore, ttie 
line spacings 01, D2 among the three lines become 
unequal. 

If the line spacings D1, D2 among the three lines 

40 are unequal, then when the three-line color linear sen- 
sor is applied to a color copier or when a color image is 
reproduced in a special reproduction nrxxle such as 
reduction or expansion, there occurs a problem of color 
shift For example, if the line spacing D1 between the 

45 color linear sensor 10 corresponding to R and the color 
linear sensor 20 corresponding to G corresponds to 4 
lines, tiie line spacing D2 between the color linear sen- 
sor 20 corresponcfing to G and the color linear sensor 
30 corresponding to B corresponds to 5 lines and a 

so color image is reduced by 50%, ttien a resolution of 
reduced color image becomes the half of the maximum 
resolution. Therefore, in the position correction memory, 
data obtained after two lines corresponds to data of Q 
for line data of R and data obtained after 2.5 lines corre- 

55 spends to data of B. 

In this case, data obtained after 2 lines may be 
used as the data of G satisfactorily. However, since data 
obtained after 2.5 lines does not exist for the data of B. 
data obtained after 2.5 lines should be obtained by aver- 
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aging data of 2.5 lines after and data of 3 line aft^, 
which process unavoidably causes a problem of color 
shift If the reduction ratio/expansion ratio becomes an 
odd sum such as 33%. then a color shift becomes more 
remarkabia Rom the above-mentioned reasons, the 5 
line spadngs 01, 02 among the three lines should pref- 
erably be made equal. 

In the three-line color linear sensor according to the 
present invention, the third color linear sensor corre- 
sponding to B is disposed with respect to the second 10 
color linear sensor 20 in an axial symmetry fashion. As 
a result, since the CCD analog shift register 34 with a 
wide width is not interposed between the third color lin- 
ear sensor 30 and the second color linear sensor 20. 
the line spadng 02 between the second and third color is 
linear sensors 20, 30 can be reduced and also set to be 
sutjstantially equal to the line spacing D1 between the 
first and second color linear sensors 10 and 20. 

Specifically, the line spacing between the second 
and third color linear sensors 20 and 30 can be reduced 20 
as compared with the aforesaid an^angement (see FK3I. 
1). In addition, ance a large enough space is main- 
tained between the third and second color linear sen- 
sors 30 and 20, the electronic shutter structures 28. 38 
of the second and third color linear sensors 20. 30 can 25 2. 
be arranged with a space large enough. 

As deserved at)ove. according to the present 
invention, in the three-line linear sensor, since the first 
color linear sensor wittiout electronic shutter is disposed 
with respect to the second and third linear sensor with 30 3. 
the electronic shutter structures in an axial symmetry 
fashion, the line spacing between the first and second 
color linear sensors can be reduced by the amount cor- 
responding to the omitted electronic shutter structure 
and also the line spacing between the second and third 35 4. 
color linear sensors can be reduced and can be made 
substantially equal to the above-mentioned line spacing 
by the axis symmetry. Therefore, the memory capacity 
of the external position correcting memory can be 
reduced. 40 

While the present invention is applied to tiie three- 5. 
line color linear sensor as described above, the princi- 
ple of the present invention nr^y be applied to a black- 
and-white three-line linear sensor in which R, G. B light 
is separated by a prism and introduced into three sen- 4S 
sors. 

Having described a preferred embodimerrt of the 
invention with reference to tiie accompanying drawings, 
it is to be understood that the invention is not limited to 
that precise emt>odiment and that various changes and so 
nKXirfications could be effected therein by one skilled in 
the art without departing from the spirit or scope of the 
invention as defined in the appended clainrs. 

Claims ss 

1 . A three-line linear sensor comprising: 

a first linear sensor including a pixel array, a 



read-out gate and a charge transfer register 
each of wNch is disposed on one side of said 
pixel array; 

a second linear sensor including a pixel array, a 
read-out gate and a charge transfer register 
each of which is disposed on one side of said 
pixel anray and an electronic shutter structure 
disposed on the other side of said pixel array, 
said second linear sensor being disposed with 
a predetermined line spacing between it and 
said first linear sensor while said charge trans- 
fer register is opposed to said first linear sen- 
sor; and 

a third linear sensor including a pixd anay. a 
read-out gate and a charge transfer register 
each of wtiich is disposed on one side of said 
pixel array arvi an electronic shutter structure 
disposed on the other side of said pixel array, 
said third linear sensor being disposed on the 
opposite side of said color linear sensor with a 
line spacing substantially equal to said prede- 
termined line spacing between it and said sec- 
ond linear sensor in an axial symmetry fashion. 

A three-line linear sensor as claimed in claim 1. in 
which said first linear sensor has the lowest sensi- 
tivity as conrpared with those of said second and 
third linear sensors. 

A three-line linear sensor as claimed in claim 1. in 
which said electronic shutter structure is a horizon- 
tal electronic shutter structure comprising a shutter 
gate and a shutter drain. 

A three-line linear sensor as claimed in claim 1. in 
which outputs of said first, seoorxl and third linear 
sensors are made substantially constant by adjust- 
ing storage times of said second arKi third linear 
sensors witii satd electronic shutter structure. 

A tivee-line linear sensor as claimed in claim 1 . in 
which a cotor linear sensor has a shorter charge 
storage time as said color linear sensor has a 
higher sensitivity. 



6. A three-line linear sensor comprising: 

a first linear sensor including a pixel array, a 
read-out gate and a charge transfer register 
each of which is disposed on one side of said 
pixel array: 

a second linear sensor including a pixel array, a 
read-out gate and a charge transfer register 
each of which is disposed on one side of said 
pixel anray. said charge transfer register being 
opposed to said first linear sensor; and 
a third linear sensor including a pixel array, a 
read-out gate and a charge transfer register 
each of which is deposed on one side of said 
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pixel array, said third linear een&or being dis- 
posed on the opposite side of said first linear 
sensor in an axial symmetry fashion with 
respect to said second linear sensor. 

7. A three-line linear sensor as claimed in claim 6. in 
which said second linear sensor is disposed with a 
predetermined line ^cing between it and said first 
linear sensor and said third linear sensor is dis- 
posed with a line spacing substantially equal to said 
predetermined line spacing b^een it and said 
second linear sensor. 

8. A three-line linear sensor as claimed in claim 6. in 
which both or either of said second and third linear 
sensors has an electronic shutter structure dis- 
posed on the other side of said pixel an-ay. 

9. A three-line linear sensor as claimed in claim 8, in 
which said first linear seizor has the lowest sensi- 
tivity as compared with those of said second and 
third linear sensors. 

10. A three-line linear sensor as claimed in claim 8, in 
which outputs of said first, second and third linear 
sensors are made substantially constant by adjust- 
ing storage times of said second and third linear 
sensors with said electronic shutter structure. 

1 1 . A three-line linear sensor comprising: 

a first linear sensor including a pixel array, a 
read-out gate and a charge transfer register 
each of which is disposed on one side of said 
pixel array; 

a second linear sensor including a pixel array, a 
read-out gate and a charge transfer register 
each of which is disposed on one side of said 
pixel array and an electronic shutter structure 
disposed on the other side of said pixel array, 
said second linear sensor being disposed such 
that said charge transfer register is opposed to 
said first linear sensor; and 
a third linear sensor including a pixel array, a 
read-out gate and a charge transfer register 
each of which is disposed on one side of said 
pixel array and an electronic shutter structure 
being disposed on the other side of said pixel 
array, said third linear sensor being disposed 
on the opposite side ol said first linear sensor 
with respect to said second linear sensor, in 
which said first linear sensor has the lowest 
sensitivity as compared with those of said sec- 
ond and third linear sensors and outputs of said 
first, second and third linear sensors are n^e 
sut)stantially cortstant by adjusting storage 
times of said second and third linear sensors 
with said electronic shutter structure. 



1 2. A three-line linear sensor as claimed in daim 1 1 , in 
which said third linear sensor is di^x}sed on the 
opposite side of said first linear sensor in an axial 
symmetry fashion with respect to said second linear 

5 sensor. 

13. A three-tine linear sensor as claimed in daim 1 1 , in 
which said second linear sensor disposed with a 
pred^ermined line ^^aclng between it and said f irst 

10 linear sensor and said third linear sensor is dis- 
posed on the opposite side of said first linear sen- 
sor with a line spacing equal to said predetermined 
line spacing in an axial symmetry fashion with 
respect to said second linear sensor. 

15 

14. A three-line linear sensor as claimed in daim 11 , in 
which either of said second arxJ third linear sensors 
having a higher sensitivity is given a shorter charge 
storage time by said electronic shutter structure. 
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